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Characteristic scene of sulphur operations at Caltanisetta, Sicily, 
showing crude product heaped in mounds, ready for shipment. 
Molten sulphur pouring from melting furnace into molds 
at Caltanisetta; Sicilian mine worker "on the job. " 
Sulphur at Home and Abroad 
A Contrast Between American and Sicilian Methods 
S ICILY'S sulphur production centers in the southerly angle of the island and 
comprises an area about equal to that of 
the State of Connecticut. A population of 
500,000 is directly dependent upon the in­
dustry, and of this at least 350,000 are 
ignorant, ill-nourished peasants, called 
"carusi," who labor ·in the mines. 
The minable deposits extend from Cen­
turipe, in the Province of Catania, on the 
east, to Gibellina (Province of Trapani) 
on the west, and southward as far as the 
coast. The richer deposits, all" under 
operation, occur within an area of from 9!) 
to 105 miles in length, and from 53 to 56 
miles in width. '.rhe sulphur, which in 
structure is massive, or coarsely crystal­
line, but usually compact, is found chiefly 
in an argillaceous limestone, associated 
with gypsum and bituminous marl. The 
sulphur-bearing rock takes the form, not 
of extensh'e beds, but of immense lenses 
of variable thickness and richness, and 
there are usually present from three to 
four sulphur layers. 
By Harry Chapin Plummer 
to tortuous and disordered subterranean 
galleries attaining to depths of from 500 
to 825 feet, but averaging about 600 feet. 
The crude ore is heated to the melting 
point of 115 deg. Cent., and collected as it 
is run off. There are two methods by 
which the sulphur is heated: one, by burn­
ing part of the mineral in what are locally 
termed calcaroni, or beehive ovens; the 
other by means of superheated steam 
forced into the deposits by hydraulic 
pressure, somewhat after the system in 
vogue at the American sulphur wells in 
Louisiana. 
Exceedingly crude and simple methods 
prevail, and have prevailed since the days 
of the Romans, in the mining of Sicilian 
sulphur. Steps hewn out of the rock lead 
Mined lumps of sulphur at base of mounds, Caltanisetta, and 
calcaroni, primitive ovens in which the sulphur is heated. 
One of the most drastic moves in the 
history of the Italian Parliament was 
made necessary by a crisis that arose in 
Sicily in 1906. It was the passage of an 
act by which the 180 sulphur producers of 
the island were forced to combine in a 
consorti1trn, or state trust, and" thereafter to deliver their product over to the Gov­
ernment, as mined. Among the members 
of this trust, which is known as the Con­
sorzio Obbligatorio Zolfifero Siciliano, are 
princes, senators, and deputies of Sicily, 
and a one-time minister for foreign affairs 
of Italy. 
The �icilian industry, debilitated by 
Mechanical operating plant of Jordan sulphur mine 
at Caltanisetta, with trackage and coke dump. 
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Molded cakes of refined sulphur cooling near smelter at Cal­
tanisetta; atop of them two typical "carusi," or boy miners. 
August 17, 1912 SCIENTIFIC AMERICAN 133 
This ·is a huge bin forty-eight feet high and two hundred 
feet long into which liquid sulphur is being pumped. 
Loading a vessel with Louisiana sulphur at the rate of sixteen tons a 
minute. Contrast this with the method of loading Sicilian sulphur. 
ages of m!lrket speculation, usury and 
local vendette, late in the last century, 
staggered under the shock of news of the 
opening up· of an immense deposit of sul­
phur on the gulf coastal plain of 
Louisiana. 
By Herman I<'rasch's invention of a 
process for liquefying sulphur in the 
ground, at a depth of 1,000 feet, and 
pumping it to the surface in fluid form. 
an immense alluvial deposit of sulphur 
in Calcasieu parish, Louisiana, on the Gulf 
of Mexico, was opened up in 1893. The 
deposit was in the form of a volcanic 
cone, the apex of which was 800 feet 
from the surface. An eminent Italian 
engineer, Dr. Baldacci, delegated by his 
Government to investigate the report of 
the discovery, that had quickly reached 
Europe, not only confirmed it, but esti­
mated the newly found store to aggregate 
40,000,000 tons, or more than sufficient to 
meet the world's requirements for an en­
tire generation. What most alarmed the 
Sicilians, however, was the fact, as re­
ported by Dr. Baldacci, that the Louisiana 
sulphur was produced at an average cost 
of $3.68 per ton, as agail!st $12 per ton, 
the cost of mining sulphur in Sicily. 
Water, superheated to 350 deg. Fahr., was 
sent into the ground in Louisiana, in col­
umns wherein a pressure of one hundred 
pounds per square inch was maintained. 
When dissolution was effected, the liquid 
sulphur was pumped into great bins of 
about 150 by 250 feet, where it solidified 
to the consistency of sandstone, and 
awaited the attack of workmen to break 
it up, by blasting, for shipment. 
The wells were sunk in groups, the 
individual wells being placed fifty to one 
hundred feet apart, and a single· wel.I 
would be found to have a daily produc­
tion of four hundred to five hundred feet 
of sulphur and to keep up a steady flow 
for months at a time. The liquid sulphur 
as it flowed from the well was so pure 
that the company was able to guarantee 
a sulphur content of 99% per cent, but the 
average purity well exceeded that figure. 
Twenty 150 horse-power boilers were 
used for a single well; and this represent­
ed experimentation on a ponderous scale. 
The number of boilers employed to super­
heat the water used in the pumping has 
since been increased to 130, each of 150 
to 300 horse-power, and arranged in eight 
batteries, containing with one exceptiou 
15 to 20 boilers each, and each battery of 
boilers capable of olJerating a well. Two 
of these batteries are placed in a group, 
so that one foreman can oversee both. 
The boilers are fired exclusively with fuel 
oil, pumped from wells located on the 
premises, and only three men, two firemen 
and one water tender, are -required ·on each 
shift to the firing and the feed water in 
each battery. Similarly great economies 
have been effected in the dispatching of 
the sulphur for shipment. A flat car re­
ceives a load of thirty-five tons within 
fifteen minutes, while at the. company's 
Shipping SUlphur at Catania, Sicily; antiquated methods of weigh­
hig and loading by hand labor, in baskets of straw, are shown. 
Locomotive derrick in Louisiana taking up 
its charge of sulphur two tons at a time. 
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docks at Sabine Pass, Tex., about fifty 
miles a way, one man is enabled to effect 
the automatic discharge of an entire train 
load in a few· minutes, unassisted, and 
chartered steamships and, of late years, 
vessels· of the company's own fleet have 
loaded more than ten tons per minute and 
sailed, laden with cargoes of 7,000 ton� 
each, within twenty-four hours after. ar­
rival at Sabine Pass. A striking contrast 
to the slow; laborious method of trans­
ferring the sulphur from the Sicilian 
stores at Porto Empidocle and Catania 
to waiting ships by hand, in baskets of 
but a few bushels each! 
. Confronted by this sudden development 
of a formidable competition in 1905, the 
Italian Government realized the serious­
ness of the situation. It learned that th,' 
newly born sulphur interest, youngest of 
America's "infant industries," had not 
only intrenched itself in the markets of 
the Vnited States and Canada, hitherto 
monopolized by the Sicilian product, but 
that it had begun an aggressive campaign 
in the European field. It had even built 
at Marseilles a great refinery for the 
treatment of the Louisiana sulphur, 
brought to the French ·port in its own 
ships. 
Premier Luzzati, who was then at the 
helm of Italy's Ship of State, resolved 
upon a step which showed how critical 
he regarded the situation that existed. 
He sought out the head of the American 
interest, Herman Frasch, the "wizard" of 
the Louisiana wells, who journeyed from 
Marseilles to Rome upon the invitation of 
the great statesman. 
In· the course of a memorable confer­
ence. between the two, the Italian Prime 
Minister dwelt upon the economic signifi­
cance of the plight iIi which the Sicilians 
found themselves. 
Frasch pledged his company to restrict 
their · operations on the continent of 
Europe to· such consumers as they had 
already contracted with, provided that 
the· Sicilians would abandon the Ameri­
can ·field. 
The organization of the Consortium, or 
state trust, followed, with the resulting 
shut-down of 120 of the 484 mines. The 
employees of these, the smaller of the 
island's mines, were disbanded. But the 
attendant privation was minimized and 
the extreme results that the Government 
feared were obviated. Most of the labor­
ers forced out of· employment later 
swelled the tide of Sicilian emigration 
to the United States. 
The production of Sicilian sulphur 
reached its high-water mark in 1905, with 
a total of 570,000 metric tons for that 
year, as against 390,000 tons in 1881 and 
112,000 tons in 1860; but after the con­
clusion of the agreement between the Con­
sortium and the Union Sulphur Company, 
the production diminished, and in 1909 
totaled only 400,000 tons. At the begin­
ning of the present century the produc-
(Con«udW on page 150.) 
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_ rangement being such that both instruments 
move in unison, SCI that persons may be rep­
resented upon a screen in an act or in con­
versation, the words for tbe lines which the 
actors are supposed to say being supplied by 
the phonograph at the appropriate time. 
MACHINE FOR TESTIKG MATERIALS.-
B. SCHILLER, manager, 150 Engcrthstrasse, 
Vieuna, XX/2, Austria. The object of this in­
ventor is to provide· a press of such a shape 
and arrangement' of its parts that not only 
annular or tubular work-pieces, but also rod­
shaped trial-pieces can be tested, both as to 
tensile' strength and also as to resistance to 
collapse or buckling resistance. 
SCrmENING DEVICE.-O. R. SMITH, care 
of J. F. Carson, Box 141. Mullan, Idabo. This 
device relates to a new and improved screen· 
ing mechanism used in the separation of dif· 
ferent sized materials, and may be used at 
any place where It is desired to separate mao 
terials, as, for instance, grain, seed, ores, sand, 
different sized materials, etc. 
Prhne Movers and Their Accessories. 
GASOLENE SI?RAY OR VAPORIZER 
VALVE.-QUDfCY ENGINE COMPANY, Quincy, 
Pa. The object of this improvement is to pro­
vide a device especially adapted to auto­
matically regulate the fuel charge for explo­
sion engines, both as regards the amount and 
relative proportion of ingredients of the mix· 
ture in accordance with the conditions to be 
met. 
Railways and '''heir Accessories. 
AUTOMATIC COUPLING DEVICE.-F. J. 
FITCH and G. BAUSBACK, Center and Market 
Sts., Pottsville, Pa. An object here is to pro­
vide a device which will automatically con· 
nect the main train pipe section, the steam 
pipes for heating the cars, and air pipe for 
signaling purposes and electric circuits for 
lighting or signaling. A further object is to 
provide a coupling head having a removable 
head in which the gaskets are disposed, there­
by facilitating removal and replacements of 
the gaskets. 
Pertaining to Recreation. 
PUZZLE TOY.-A. L. POOLER, 24 Ham-
mond St., Bangor, Maine. This invention com· 
prebends a movable figure causing amusement 
because of the fantastic position it assumes, 
and as a puzzle the device constitutes a means 
of exciting great curiosity in attempting to 
change the figure from one extreme position 
to another. 
Pertaining to Vehicles. 
VEHICLE WHEEL.-J. W. MCCALLUM, Ply­
mouth, Ind. This wbeel is adapted to be as· 
sembled and bound together to form a con­
tinuous wheel from segments adapted to be 
assembled and bound together to form a con­
tinuous wheel; th9 segments are formed so 
that the members thereof are integrally re­
lated; and the maximum rigidity is obtained 
with a minimum weight. 
LIGHTING SYSTEM FOR VEHICLES.-L. 
R. DUYAL, 558 Clinton Ave., Union Hill, N. J. 
This invention refer" to electric lighting sys· 
tems for use on motor vehicles, and more par. 
ticularly to that type of system in which 
there is employed a dynamo driven from the 
engine for generating the necessary current 
for the side and tail lights and the search-
lights. 
Designs. 
DESIGN FOR A SETTING FOR GEMS.­
H. ACKERMAN, Weehawken, N. J. The shape 
of the base is circular, and the edge comprises 
six ornamental formations. The side eleva· 
tion of the design is 1Iaring and slants down 
toward the base. 
DESIGN FOR A LAMP SHADE.-J. FRIED-
BERG, Manhattan, N. Y., N. Y. This orna· 
mental design for a lamp shade has the char­
acteristic of extreme. simplicity of form which 
nevertheless secures a very graceful result, 
both in plan presentation and side elevatiop 
view. 
Sulphur at Horne and Abroad 
(CUI/eluded /nJII' pave 111.'.) 
tion of sulphlW in all the United States 
had not reached as high as 5,000 standard 
tons per annum, but due to the opening 
up of the Louisiana deposit, the figure 
jumped to 127,000 tons in 1904, and 
369,444 tons in 1908. Since that year it 
has fluctuated around 250,000 tons, and 
last year totaled 265,664 tons. The yearly 
production of the Japanese mines aver· 
ages about 40,000 tons, which is marketed 
principally in Australia. 
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The American sulphur interests were, 
prior to the outbreak of the war with 
Turkey, credited by the Italians with 
ha ving obtained control of the sulphur 
fields of Cyrenaica-fields that extend 
along the desolate shore of the Gulf of 
Sidra, which the Arabs call Giun·el· 
Kebrit, or the "gulf of sulphur," just as W; F.& JIlO. Barnes Company 
Established 1872 they call the immediate region of the 1999 Ruby Street Rockford, \IIinoi. 
sulphur deposits Gebel·el·Kebrit, or the ----
SOUTH BEND "zone of sulphur." 
The alarm of the Italians arose from 
the landing in Cyrenaica from the pri· 
vate yacht of Allison V. Armour, a little 
less than two years ago, of a scientific 
expedition sent thither by the Archeologi· 
cal Institute of America, and headed by 
Prof. Richard Norton, of Harvard Uni· 
versity. The purpose of this expedition 
was to excavate the ruins of the ancient 
city of Cyrene, the site of which is more 
than two hundred miles eastward of the 
sulphur territory. 
A rumor that the Turkish Government 
had granted a concession to Americans for 
the exploitation of the Cyrenaica deposits 
was so far credited in Sicily as to be 
made the subject of an interpellative pro· 
test in the Italian parliament in Febru· 
ary, 1911, by Deputy Vaccaro, of the 
Sicilian province of Girgenti, where the 
world's oldest sulphur operations maiuly 
center. 
It was pointed out by the southern 
deputy that "such a concession would 
fatally compromise the Sicilian industry," 
which, he asserted, could absolutely not 
resist the competition of an American 
company exploiting the Cyrenaica field. 
In the month followin§ the deputy's 
query, news came from Cyrene that Her· 
bert Fletcher de Cou, of Michigan, one of 
the members of the American archeologi· 
cal expedition, had been slain by a hired 
trio of Arab assassins. The official report 
of the murder, as made to the Archeologi· 
cal Institute of America by Prof. Norton. 
contained the significant statement that 
"the Italians had spread false reports 
about my intentions; that our 
true purpose was not to dig the ruins, but 
to mine for sulphur." 
It is a favorite theory of Italian geolo· 
gists that the island of Sicily, instead of 
being a detached part of the continent 
of Europe, in a prehistoric age formed 
the northernmost part of Africa. Those 
who hold to this belief regard the rich 
and abundant sulphur deposits of Sicily 
as the logical conclusion of a virgin strati­
fication that must have its origin in the 
low mountain range that forms the 
plateau of Aurigi, to southward of the 
coastal plain of Cyrenaica. On this 
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science, not as a compact and well·defined 
area, such as Sicily's, but as a straggling 
drift, emanating from what, farther in· 
land. must prove to be an exceedingly 
bountiful store of the mineral. However, 
it is only that part of the coast territory 
of Cyrenaica lying within a few days' 
journey by horseback from the sea that 
has been explored by Europeans competent 
to judge of sulphur productivity. 
An authority recently delegated by the 
Italian Government to investigate and reo 
port upon the sulphur prospects of Cyre· 
naic.a was Dr. Salvatore Gianno, who 
visited the country in the capacity of com· 
mercial attacM of the Italian legation 
at Constantinople. Writing in the Rivistu 
Coloniale, organ of the Italian Colonial 
Institute, Dr. Gianno lately observed: 
It appear� evident that the sulphurous 
zone in Cyrenaica describes an angle thus: 
Muktar, Oasis of Ahu.Naim, Hara-Docha, form-
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ing a line of resistance to the rich mineral 
drift of the l:iicilian coast, which, starting 
from the base of Mount Etna. follo\\'s the 
mountainous chain to Lecal'a, and thence to 
the mountains of Gibellina. 'l'he 
sulphurous stratunl, therefore, in Cyrenaica, 
lacking a scientific exploration in the truo 
sense of the word, may not, indeed, must 
not, be restricted to the known deposits. or 
to those caves, or quarries, exploited crudely 
and in embryo by the Arabs; lJUt must be 
found to follow the mountainous line that 
stretches from Ara dei Fileni to confine the 
Plain of Barca. 
'I'hat low chain of mountains which extends 
from Sebka-Muktar to Gebel-el-Ala. to Gebel­
dj-Djcria, to Frerin, to Maradek, to Marsa­
Braiga, and so to· Hara-Docha, is a vast de­
posit of sulphur, part explored, lJUt the greater 
part unexplored. From ancient times the in­
habitants of the region have been given to a 
superficial working of the' deposits, not for the 
uses wherefor sulphur is most in demand by 
the market, but for that, infinitely more mod­
est, of do.ctoring camels amicted with the 
mange, and the outlet on the sea, or galf, 
for the product, is al ways the port of Marsa· 
Braiga, whence the sulphur is dispatched by 
sailing vessels to the caravan ports-Tripoli, 
Benghazi, Ahii<illldria. 
'1'0 the south .of lIlarsa-Braiga, a small nat­
ural port on the Gulf of the Great Sidra, there 
is a quarry already in operation. It is called 
Kofra-el-Kebrit (Cave of Sulphur) and from 
this the Arabs extract the product. This 
quarry is distant about twelve hours from 
the shore. Another deposit, which I believe 
to be the richer, i&' found to the southwest of 
Gebel-dj-Djeria. This follows the little moun­
tainous chain extending from Muktar to Hara­
Docha, and the stratum is so ample that it 
is to be traced in four days' journey by horse 
in the direction of the meridian. The quality 
of this sulphur is of the best, and the min­
eral, without being attached to the rock, pre­
sents itself in a purer state, and in greater 
quantity as depth is attained. 
The richness of the mineral, from examina­
tions made on the field of the quarries in 
operation, needs not to be discussed; frolll ex­
periments made it yields I\n 'ottavo of purity. 
The primitive and ·superficial opera­
tions of the Arabs in the a(Qresaid quarries 
indicate that the mineral they obtain is that 
which is found· in tlie first stratum-exposed, 
as it were, at but a few meters 'of depth; while 
at the second stratum there iii always ohserved 
a sure improvement in the quality of the min­
eral, and at the third stratum it betters in 
exact ratio to· the depth attaiIicd. Where 
thick, the sulph ur is found to be richer than 
where it Is submerged in water. 
Sugar ·Beet Industry of Gennany 
(Concluded from pave 131,.) 
The thinning of the beets as well as 
their cultivation is a work to which (ac­
cording to the German idea) women are 
especially adapted. Their wages as field 
hands a're only about 60 per cent that of 
men, although in this kind of work they 
do about as much. The extension of sugar 
beet growing in Germany quickly brought 
about a shortage of labor and caused 
the introduction of what is known as the 
"season workers" or immigrant laborers, 
'who are brought in to work during thl' 
beet season, and at the close of it are sent 
back to where they came from. 'Every 
spring hundreds of thousands, in recent 
years over 400,000 men and women, come 
from the eastern pro"inces of Germany, 
from Russia, Hungary and Bohemia, to 
the central and western provinces of Ger­
many to work, principally in the sugar 
beet fields. 
So important has this large movement 
of foreign laborers become that legisla­
tion has been passed specifying the time 
(15th of November for central Germany) 
by which they must all be returned. 
The large property owners have made 
special pro, 'isions for caring for this for­
eign labor by erecting barracks for them 
to live in. In addition to a cash wage, 
an allowance is given in provisions su<;h 
as potatoes; meat and flo!)r. The Qeet 
growers prefer to get as large a llrQpor­
tion of women as they can, and as a con­
sequence many more women than men are 
to be seen working in the German beet 
fields. 
The influx of such large numbers of for­
eign workers onto the farms during the 
summer months naturally has a detri­
mental effect, both spcially and morally, 
and while it has solved the problem of 
furnishing the necessary help during the 
summer months, it has resulted in driv­
ing out the native farm laborers, who 
have been unwilling to compete with 
the season worl,ers, and they have 
gone into other industl'ies or moved 
away, so that during the remainder of 
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Immediate delivery; correspondence solicited. Alex-
ander Hamilton, Constructmg Engineer . 
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AVIATI.ON 
«.II Two topics are of paramount importance just now in aviation. 
The one. is· the possibilities of .the hydro-aeroplane-the flying 
boat in popular parlance-and the other is the flying machine as 
a military weapon. 
«.II In the forthcoming mid-month September issue of the Scientific 
American, which will issue on September 14, these two subjects 
will be authoritatively discussed. 
«.II Mr. Carl Dienstbach writes on the hydro-aeroplane. He 
points out how important is the development of the flying boat, 
because at last we have a vehicle of the air which is safe and 
which means much for the advancement of flying as a sport. 
«.II Major Bannerman Phillips of the British Army, a noted 
European authority on the military aspects of aviation, will write 
on bomb-dropping. He will show how much or how little is to 
be expected by dropping high explosives on an enemy's force 
from a height of half a mile, basing his comments on the achieve­
ments of aerial grenadiers in the T ripolitan campaign and on the 
results of the bomb-dropping contest held in France. 
«.II Dr. Alfred Zahm, America's leading authority on aero-me­
chanics, will show in a popularly worded article what has been 
the development -of laboratory work since the day of Langley. 
If the flying machine is to become a really practical vehicle of 
the ;tir it must be developed by the same methods that have 
� ... en us the giant bridges, the hugh dynamos, the highly ramified 
telephone. That is why Dr. Zahm's article, dealing as it does 
with investigations made by engineers and physicists, is of 
immense practical .value. 
«.II There will also be the u�ual Scientific American features­
the short pithy articles on' current scientific events, with many 
bright illustrations of the litest inventions and scientific apparatus, 
the latest news for inventors. 
«.II Price 1 5 cents on all news st'lnds. 
('1'be da:rll ot ble profltll are past) 
�::tb�D:r:e mn'::��n t���orl�; tur:�n�:!l� :rears. wftb ever:r aa vantage at elg reduction Inf,rlcell! no risk. guarautee fulfilled or mone:r re undea. Vile distillate. gallollne and man:r otber tueill. All IIlze •• II·a to 40 H. P., anJ' .t:rle. Write quick tor tree catalog and new .,eelal prlcM. IItatlug Blze wanted. 
WITTE IRON WORKS CO. 
I.O.Oakland Alten... KANSAS COITY • . MO. 
© 1912 SCIENTIFIC AMERICAN, INC 
